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EDITORIAL 


Journal Enters Tenth Year; Expands Information for Contributors 


Scanning the first nine volumes of the Pesticides Moni- 
toring Journal, the researcher is struck by two tradi- 
tions: that the publication has honored its primary goal 
of disseminating findings of the National Pesticides 
Monitoring Program, and that those findings have been 
presented intelligibly. It is appropriate that this, the 
tenth volume of the Journal, should introduce a revised 
Information for Contributors (see back page of this 
issue). A periodical in its tenth year of publication 
should be able to draw on its own history in refining 
subject matter and editorial policy. 


In 1967 the scope of the Journal was described as 
“qualified data and interpretive information which con- 
tribute to the understanding and evaluation of pesticides 
and their residues in relation to man and his environ- 
ment.” Since that first issue authors, reviewers, advisors, 
and editors have proved this to be a workable definition 
for a specialized technical journal with worldwide dis- 
tribution. As each contributor projected his/her inter- 
pretation of the scope in the varied studies published 
here, certain refinements emerged. These refinements are 
reflected in the definition of monitoring which appears 
in this issue: “repeated sampling and analysis of environ- 
mental components to obtain reliable estimates of levels 
of pesticide residues and related compounds in these 
components and the changes in these levels with time. 
It can include the recording of residues at a given time 
and place, or the comparison of residues in different 
geographic areas.” 


No less significant than the scope of a publication is 
the manner of its presentation. The most dramatic 
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findings in the scientific world are valuable only so far 
as they are understood by the reader. Thus the revised 
Information for Contributors contains expanded instruc- 
tions for authors in the preparation of manuscripts. The 
Journal staff consulted numerous style manuals, tech- 
nical publications, and Federal and private-industry 
editors to achieve a consensus on controversial points. 
Style policies are listed in sometimes scrupulous detail, 
as befits a publication striving to present technical find- 
ings consistently and lucidly to an international audi- 
ence. Appropriate idiosyncrasies appear: recycled paper, 
for example, is acceptable in original manuscripts if it 
does not degrade the quality of reproduction. The 
manner of citing literature references has been simpli- 
fied to meet author demand: sources are numbered in 
alphabetical order rather than in order of their appear- 
ance in the text. 


Criteria established by the Journal staff and the Editorial 
Advisory Board and approved by the Monitoring Panel 
are the fruits of a decade of author/editor communica- 
tion. We are fortunate. Almost unanimously our authors 
have been cooperative. They are ripe for ideas which 
render their papers readable and credible, and eager to 
offer their own suggestions on scope and delivery of 
monitoring studies. Such cooperation among profes- 
sionals has served us well. Throughout the world the 
Pesticides Monitoring Journal is considered an authori- 
tative source of information on the monitoring of 
pesticide residues. 





Residues of DDT and DDE in Livers of Waterfowl, 
Northeastern Louisiana—1 970-71 * 


Donald H. White ? 


ABSTRACT 


A study was conducted to determine the levels of DDT and 
DDE in the livers of 10 species of waterfowl collected in 
Louisiana from 1970 to 1971. Livers of 48 of 50 specimens 
contained detectable levels of DDT and/or DDE. DDT 
residues ranged from 0.01 to 10.90 ppm; DDE levels ranged 
from 0.02 to 38.69 ppm. 


Introduction 


Residues of DDT and its metabolites are commonly 
found in tissues and eggs of waterfowl species (9). 
DDE is by far the most persistent metabolite and occurs 
most frequently in nature; residues may range from 
barely detectable levels to hundreds of ppm in certain 
tissues (7). DDE has impaired reproductive success of 
mallards (Anas platyrhynchos) and black ducks (Anas 
rubripes) in experimental studies, resulting in thin 
shells, cracked eggs, and poor hatchability (3,5). 


Because organochlorines are highly fat-soluble, residues 
concentrate in adipose tissues. The extent of this con- 
centration depends upon the exposure and the physio- 
logical condition of the organism determined by bio- 
logical demands such as migration, feeding activity, and 
reproduction (9). When analyzed for organochlorines, 
adipose tissues or whole bodies of organisms give some 
indication of their past history of pesticide exposure. 


Studies of Japanese quail (Coturnix coturnix japonica) 
showed that DDE reached peak levels in the liver about 
3 weeks after initial exposure and then rapidly de- 
clined (6). In another study, a known concentration of 
radiolabeled DDT was applied to a fenced 4-acre marsh 
(2). Wild mallards and lesser scaup (Aythya affinis) 
were released intermittently into the area. Ducks were 
collected and their tissues were analyzed for DDT and/ 





1 Department of Biology, Northeast Louisiana University, Monroe, La. 

2Present Address: Fish and Wildlife Service, U.S. Department of 
Interior, Patuxent Wildlife Research Center, Laurel, Md. 20811. Re- 
prints available from this address. 
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or its metabolites. Residues in duck livers generally 
peaked about 2 weeks after application and then de- 
clined. Thus the avian liver does not appear to be a 
major accumulator of organochlorine residues. How- 
ever, high residues in the liver may reflect recent in- 
gestion of contaminated food items when the animal 
is not exposed to a continuous level of toxicant. 


Collection and Analytical Procedures 


Waterfowl were shot at several locations within Ouachi- 
ta Parish in northeastern Louisiana during the fall and 
winter of 1970-71. The ducks were frozen soon after 
collection and maintained in a freezer until analysis. 
Five livers from each of 10 species of duck were 
analyzed for residues of DDT and DDE. 


DDT and DDE were extracted from the livers follow- 
ing essentially the methods of Boyle et al. (7). Each 
duck was thawed and the liver was dissected from the 
body and weighed. The liver was homogenized in a 
Waring blendor with 5 g Na.SO, and 175 ml hexane. 
The supernatant was decanted, the process was repeated, 
and the combined supernatants were filtered to remove 
large particles of liver tissue. The hexane solution was 
evaported to near dryness on a steam bath, diluted to 
25 ml with hexane, and transferred to a 125-ml separa- 
tory funnel. Four 25-ml volumes of acetonitrile were 
added to the separatory funnel and each volume was 
drained off as it layered on the bottom of the hexane 
solution. The acetonitrile fractions were combined, 


evaporated to dryness on a steam bath, and diluted to 
10 ml with hexane. 


The sample was placed on a column of previously 
standardized florisil and eluted with 500 ml of a 9:1 
hexane : petroleum ether solution. After florisil cleanup 
the eluate was evaporated to dryness on a steam bath 
and diluted to 2 ml with hexane. This final extract was 
analyzed for DDT and DDE residues. 
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Determinations were made by injecting 1 ul of the 
sample solutions into a Hewlett-Packard model 402 
gas chromatograph with an electron-capture detector. 
The column was glass, 4 ft by 4 mm, packed with 4 
percent SE-30 80/100 mesh chromosorb W-AWDMCS. 
Temperatures for column, injector, and detector were 
180°, 225°, and 255°C, respectively. Carrier gas was 
5 percent methane in argon at 80 ml/min. 


DDT and DDE in the samples were tentatively identi- 
fied by comparing retention times with those of stand- 
dard solutions. All residues then were confirmed by 
thin-layer chromatography (TLC) according to the 
method of Morley and Chiba (4). Some PCB inter- 
ference may be reflected in the DDT results, although 
TLC did not indicate any. 


All residues are expressed as ppm wet weight. Limits 
of sensitivity were 0.01 ppm for both DDT and DDE. 
Recovery percentages from spiked samples averaged 94 
percent for DDT and 90 percent for DDE. Analytical 
results were not corrected for recovery. 


Results and Discussion 


Table 1 shows the means, standard errors, and ranges 
of DDE and DDT residues in livers of ducks collected 
in Louisiana during the fall and winter months of 1970- 
71. Forty-eight of the 50 livers analyzed had detectable 
levels of DDE, DDT, or both. There was wide variation 
in concentrations of the two compounds among species 


and individuals. Detectable residues of DDE in livers 
ranged from 0.02 to 38.69 ppm; DDT levels ranged 
from 0.01 to 10.90 ppm. Four samples contained trace 
residues of dieldrin. 


Livers from northern shovelers (Anas clypeata), blue- 
winged teal (Anas discors), and green-winged teal 
(Anas crecca carolinensis) contained the highest mean 


residues of DDE and/or DDT. These species commonly 
feed in very shallow water and are often found to- 
gether (8). Although the ducks were collected in norti- 
eastern Louisiana, findings should not be interpreted on 
a local basis since waterfowl are highly mobile species 
and may cover a wide range of habitats. The data do 
suggest however, that some of the ducks may have 
eaten highly contzminated food items. 
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TABLE 1. Residues of DDE and DDT in livers of waterfowl, northeastern Louisiana—1970-71 





RESIDUES, PPM WET WEIGHT ! 








SPECIES X+S.E. RANGE X+SE. RANGE 





Mallard (Anas platyrhynchos) 0.76 + 0.20 0.33 — 1.37 
0.13 — 1.06 
ND — 0.56 
ND — 1.21 
0.35 — 26.67 
1.68 — 38.69 
0.55— 2.55 
0.02 — 0.22 
0.06— 4.94 


0.09 — 0.31 


0.59 + 0.52 
1.28 + 0.46 
0.32 + 0.29 
0.39 + 0.35 
0.03 + 0.03 
0.16 + 0.11 
4.54 + 2.03 
2.26 + 0.86 
0.92 + 0.65 
0.03 + 0.02 


TR— 2.95 
TR— 2.40 
ND— 1.64 
ND— 1.95 
TR— 0.19 
TR— 0.65 
TR — 10.90 
TR— 4.41 
TR— 3.80 
ND — 0.10 


Pintail (Anas acuta) 0.47 + 0.14 


0.56 + 0.09 
0.36 + 0.21 
8.63 + 4.14 
12.47 + 6.50 


Gadwall (Anas strepera) 

American Wigeon (Anas americana) 

Northern Shoveler (Anas clypeata) 

Blue-Winged Teal (Anas discors) 

American Green-Winged Teal (Anas crecca carolinensis) 1.32 + 0.30 
Wood Duck (Aix sponsa) 0.16 + 0.03 
Ring-Necked Duck (Aythya collaris) 1.26 + 0.82 


Lesser Scaup (Aythya affinis) 0.17 + 0.03 





NOTE: ND = not detected. 
TR = trace residues detected below limit of quantification, 0.01 ppm. 
S.E. = standard error. 

1 Results represent residues in livers of five birds of each species. 
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RESIDUES IN FISH, WILDLIFE, AND ESTUARIES 


Uptake of the Mosquito Larvicide Temefos 
by the Salt Marsh Snail, New Jersey—1973-74 *’ 


George Fitzpatrick ? and Donald J. Sutherland ¢ 


ABSTRACT 


Uptake of the mosquito larvicide temefos (Abate) by the 
salt march snail (Melampus bidentatus Say) in New Jersey 
was measured by gas-chromatographic analysis. Measurable 
quantities of temefos were found in the snails within 1 day 
after the first treatment with a 2 percent granular formula- 
tion but 3 weeks elapsed before uptake occurred following 
treatment with a temefos emulsion. Residues in the snails 
exposed to the granular formulation were generally more 
than 10 times higher than those in snails exposed to the 
emulsion although application rates of the granular formu- 


lation were only about three times higher than those of the 
emulsion. 


Residues in snails exposed to the emulsion fell below de- 
tectable levels less than 3 weeks after cessation of treatments 
although measurable amounts were found in snails exposed 
to the granular formulation for more than 5 weeks after the 
last treatment. The persistence of temefos in M. bidentatus 
suggests the potential for its movement through food webs 
exposed to the granular formulation. 


Introduction 


Since the decline in use of persistent insecticides, the 
role of relatively nonpersistent organophosphorous com- 
pounds in mosquito control programs has been increas- 
ing (/0). At present, the organophosphorous insecticide 
temefos, also known as Abate, is the larvicide most 


frequently used in New Jersey for salt marsh mosquito 
control (12). 


The salt marsh snail (Melampus bidentatus [Basomma- 
tophora: Melampidae]), which is generally less than 10 
mm long, occurs in large numbers in the high littoral 
zone, areas of salt marshes flooded infrequently by high 
tides (1,9). Coincidentally, the high littoral zone is the 





1Paper of the Journal Series, New Jersey Agricultural Experiment 
i Rutgers, The State University of New Jersey, New Brunswick, 


2 Presented in part to the Entomological Society of America, Eastern 
Branch, Philadelphia, Pa., October 1-3, 1975. 

3 Department of Entomology, Drawer EM, Mississippi State University, 
Mississippi State, Miss. 39762. Reprints available from this address. 
* Department of Entomology and Economic Zoology, Rutgers, The State 

University of New Jersey, New Brunswick, N.J. 
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habitat most suitable for salt marsh mosquito breeding 
(8). Therefore, insecticides for control of salt marsh 
mosquito larvae are frequently applied to marshes har- 
boring large populations of M. bidentatus, an important 
food source for a number of animals (3,7). Measurable 
residues of DDT have been detected in M. bidentatus 
from treated marshes (3,5). 


The objectives of the present study were to determine 
the magnitude and rate of temefos uptake by M. 
bidentatus in salt marshes subjected to multiple treat- 
ments, and the persistence of temefos residues in snails 
after cessation of treatments. 


Materials and Methods 


Treatments with a 2 percent granular formulation at 
0.112 kg actual insecticide/ha. (0.10 Ib/acre) included 
four applications to a Spartina alterniflora salt marsh 
plot at approximately 2-week intervals in 1973 and 10 
applications to an S. patens salt marsh plot at approxi- 
mately 2-week intervals in 1973. In 1974 an S. patens 
salt marsh plot was treated approximately every other 
week for 8 weeks, then once again in approximately 
6 weeks. All granular formulations were applied to a 
salt marsh plot near Tuckerton, N.J. Treatments with 
a temefos emulsion at 0.037 kg actual insecticide/ha. 
(0.032 Ib/acre) consisted of four applications at ap- 
proximately 2-week intervals to an S. patens salt marsh 
plot near Manahawkin, N.J., in 1974. All applications 
were made by a Bell 47G4 helicopter, flying at 96.5 
km/h (60 mph) at an altitude of 3.0-6.1 m (10-20 ft). 
The working swath width was 10.7 m (35 ft) for the 
granular formulations and 15.2 m (50 ft) for the emul- 
sion. The treated areas have been described previously 


(4). 


Samples of M. bidentatus were collected from the treat- 
ed plots, placed on ice, and frozen within 2.5 hours 
after collection. Each sample was a composite of at 
least 15 snails; differences in weights of various samples 
reflect differences in snail sizes and availability of snails. 
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Before extraction, the snails were washed to remove 


grass, mud, or granular particles, then blotted dry on 
paper towels. 


Temefos was extracted three times in methylene chloride 
from whole-snail homogenate which included the shell. 
Extracts were washed twice in distilled water and 
cleaned with hexane and acetonitrile. Final preparations 
were dissolved in acetone for injection into the gas 
chromatograph. Further details of the extraction and 
cleanup have been published elsewhere (4). Recovery 
was 97 percent. 


The gas chromatograph used was a Micro-Tek model 
220 with a flame photometric detector utilizing the 
phosphorous mode. The glass column was 6 mm (0.25 
in.) OD, 4 mm ID, and 40.6 cm (16.0 in.) long. It 
was packed with 2 percent OV-101 on 80-100 mesh 
Gas-Chrom Q. Off-column injections were made utiliz- 
ing a glass insert containing silanized glass wool ap- 
proximately 1.3 cm (0.5 in.) from the point of release 
of the sample from the injection needle. Inlet tempera- 
ture was 270°C, column temperature was 230°C, and 
detector temperature was 220°C. The carrier gas was 
prepurified nitrogen and the flow rate was 100 ml/min. 


Residues in the snails including shells are expressed in 
ppm wet weight. Average water content was 29 percent 
of the total wet weight including shells. 


Results and Discussion 


M. bidentatus samples from untreated salt marsh plots 
and snail samples taken in the test plots before the first 
treatment were free of temefos. The limits of detecta- 
bility varied with the weight of the sample and day-to- 
day fluctuations in the sensitivity of the gas chromato- 
graph; for samples weighing between 1 and 2 g, the 
sensitivity was about 0.01 ppm. 


Measurable uptake of temefos was observed in samples 
of M. bidentatus from the plots treated with either the 
emulsion or granular formulations. In 1974 snails from 
the S. patens plot treated with the granular formulations 
contained 0.09 ppm temefos residue 1 day after the 
first treatment (Table 1). In 1973 samples were taken 
9 days after the first treatment; the residue was 0.44 
ppm in the S. patens plot (Table 2), and 1.10 ppm in 


TABLE 1. Temefos residues in Melampus bidentatus 
sampled from a Spartina patens salt marsh plot 
treated five times with a 2 percent granular formulation, 
Tuckerton, N.J.—1974 





TREATMENT SAMPLING SAMPLE WEIGHT, TEMEFOS RESIDUE, 
DATE DaTE G PPM WET WEIGHT 





July 9 July 10 : 0.09 
July 26 : 0.82 
Aug. 8 . 0.50 
Aug. 21 y 0.46 
Oct. 3 0.19 
Oct. 29 4 0.16 
Nov. 19 a 0.38 
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TABLE 2. Temefos residues in Melampus bidentatus 
sampled from a Spartina patens salt marsh plot treated 
10 times with a 2 percent granular formulation, 
Tuckerton, N.J.—1973 





TREATMENT SAMPLING SAMPLE WEIGHT, TEMEFOS RESIDUE, 
DaTE DaTE G PPM WET WEIGHT 





Apr. 23 
May 2 
May 7 
May 11 
May 21 
May 27 
June 4 
June 7 
July 3 
July 6 
July 17 
July 19 
Aug. 3 
Aug. 15 
Aug. 20 
Aug. 30 
Sept. 5 


Apr. 25 
May 10 
May 23 
June 6 

June 18 
July 5 

July 18 


Aug. 4 
Aug. 17 


MPNOSOONE NER ERO BON 
DAwWUIHR Re mMUWONOUWAWS 


Sept. 4 





TABLE 3. Temefos residues in Melampus bidentatus 
samples from a Spartina alterniflora salt marsh plot treated 
five times with a 2 percent granular formulation, 
Tuckerton, N.J.—1973 





TREATMENT SAMPLING SAMPLE WEIGHT, TEMEFOS RESIDUE, 
DaTE DaTE G PPM WET WEIGHT 


Apr. 25 





May 2 0.7 1.101 
May 7 0.2 1.336 
May 10 May 11 0.4 0.386 
May 23 


June 6 June 15 1.1 0.443 





TABLE 4. Temefos residues in Melampus bidentatus 
sampled from a Spartina patens salt marsh plot treated 
four times with an emulsion, Manahawkin, N.J.—1974 





TREATMENT SAMPLING SAMPLE WEIGHT, TEMEFOS RESIDUE, 
DaTE DaTE G PPM WET WEIGHT 


July 2 





July 3 
July 11 
July 17 
July 22 
Aug. 1 
Aug. 15 
Aug. 27 
Sept. 5 
Sept. 13 


July 16 


July 31 
Aug. 14 


NANNSNELS 
NUAIRUWOIA 





the S. alterniflora plot (Table 3). In contrast, uptake 
of temefos did not occur in M. bidentatus from the 
S. patens plot treated with the emulsion in 1974 until 
6 days after the second treatment and 20 days after the 
first. At that time a residue of 0.038 ppm was detected 
(Table 4). In the first 17 days of this 20-day period, 
the three samples taken contained no measurable resi- 
dues of temefos. 


In general, levels of temefos were much lower in snails 
exposed to the emulsion than in those exposed to the 
granular formulation. The highest residue in snails from 
the emulsion-treated plot was 0.059 ppm after four treat- 
ments; the highest residue found in snails exposed to 
the granular formulation was 8.75 ppm after nine treat- 
ments. Moreover, there were eight samples from granu- 
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lar-treated plots that had residues greater than 1.0 ppm, 
illustrating the general trend of higher residues in snails 
treated with this formulation. 


The differences in uptake can be attributed to a number 
of factors. Chemical monitoring of the emulsion-treated 
plot revealed that the first treatment was applied at a 
very low actual rate: 26 percent of that expected (W. 
F. Carey, 1975. Analytical Chemist, Department of 
Entomology and Economic Zoology, Rutgers, The State 
University of New Jersey, New Brunswick, N.J.: per- 
sonal communication). This could have been at least 
partly responsible for the absence of measurable uptake 
until after the second treatment. The actual amount of 
active ingredient applied per unit area with emulsion 
was approximately one third (37 g/ha.) the amount 
applied with the 2 percent granular formulation (112 
g/ha.). Another factor to consider is the chance of a 
snail’s ingesting a granule. If this occurred in only one 
snail in a sample, the influence on the total residue could 
be considerable. Highest residues occurred in snails col- 
lected during the 1973 tests when there were 10 granu- 
lar treatments. Because there were fewer treatments in 
the 1974 tests, there was less temefos available for 
absorption by the snails. 


There was generally a great deal of variability in resi- 
due levels in all time periods, especially in the 1973 
tests which involved more samples. This may be attri- 
buted to an uneven deposition of the insecticide on the 
marsh. Granular formulations applied aerially often do 
not cover the target area uniformly (//). If the temefos 
applications did generate sporadic aggregations of 
granules, randomly selected samples of snails could have 
varied considerably in temefos residue levels. 


Table 4 shows that temefos residues in snails exposed 
to four emulsifiable concentrate formulation treatments 
rose gradually as the number of treatments increased 
and then decreased to levels below the limits of detec- 
tion after the last treatment. During this same treatment 
schedule the population density of M. bidentatus in the 
treated plot declined steadily as the number of treat- 
ments increased. After the last treatment snail density 
increased to pretreatment levels (4). There were no 
significant changes in population density in the untreated 
plots or in the plots treated with other insecticides. This 
material is to be presented elsewhere (6). Data indi- 
cate that the temefos residues in snails may be related 
to a significant but reversible decline in population 
density. Laboratory toxicity data suggest that these levels 
of temefos are not acutely toxic to M. bidentatus (4). 
It can be surmised, therefore, that treatments of temefos 
emulsion resulting in residues in M. bidentatus to levels 
approaching 0.059 ppm are likely to affect populations 
through an interaction involving some other component 
of the salt marsh community. The mechanism of the 
overall population decline is unknown. 


Residues of temefos in M. bidentatus exposed to the 
granular formulation persisted for more than 5 weeks 
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after the last of a series of treatments. This raises some 
serious questions concerning the longevity of this formu- 
lation in the environment. Recovery of temefos residues 
from Spartina roots and salt marsh mud more than 4 
months after the last of a series of granular treatments 
has been reported (2). If toxicant release were to be 
protracted over a long period, the effects could be 
similar in some ways to those of a persistent insecticide, 
with potential for passage through food webs. However, 
temefos residues in samples taken from the plot treated 
with the emulsion were undetectable less than 3 weeks 
after the last treatment (Table 4). 


Further research is necessary to determine the extent of 
temefos movement through food webs which might be 


exposed to multiple treatments of the granular formu- 
lation. 
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Mercury in Eggs of Aquatic Birds, Lake St. Clair—1973 


Rey C. Stendell,1 Harry M. Ohlendorf,! Erwin E. Klaas,12 and James B. Elder ° 


ABSTRACT 
Eggs from four species of aquatic birds inhabiting water- 
ways of the Lake St. Clair region were collected in 1973 
and analyzed for mercury. Species analyzed were mallard 
ducks (Anas platyrhynchos), common terns (Sterna hirun- 
do), black-crowned night herons (Nycticorax nycticorax), 
and great egrets (Casmerodius albus). Mallard eggs con- 
tained relatively low residue levels, <0.05-0.26 ppm, and 
common tern eggs contained the highest residues, ranging 
up to 1.31 ppm. Mercury levels in the eggs were appre- 
ciably lower than those in the same species in 1970. The 
declines are attributed to the 1970 restrictions placed on 


industrial discharges of mercury into the St. Clair and 
Detroit Rivers. 


Introduction 


The discovery of high mercury levels in fish of Lake 
St. Clair in 1970 focused attention upon the possible 
hazard that this element poses to fish and wildlife in 
the United States. Subsequent studies showed that birds 
and other aquatic animals in the area also contained 
high levels of the toxic metal (3). Elevated levels in 
flora and fauna of the area have been attributed to 
mercury in effluents from industrial sites along the St. 
Clair and Detroit Rivers (15). Subsequent action cur- 
tailed mercury discharges into the rivers in 1970, but 
it was predicted (/4) that a substantial period would 
be required for natural degradative processes to reduce 
the level of contamination. In 1973, 3 years after the 
apparent source of contamination had been identified 
and curtailed, authors arranged for eggs to be collected 
from four species of birds that inhabit the waterways 
and had them analyzed for mercury. 


Methods 


Authors collected eggs of mallard ducks (Anas platy- 
rhynchos) and common terns (Sterna hirundo) near 
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the St. Clair River inlet of Goose Bay, which is west 
of Dickinson Island in the St. Clair Flats Public Hunt- 
ing Grounds. Eggs of black-crowned night herons 
(Nycticorax nycticorax), greater egrets (Casmerodius 
albus), and mallards were taken from Stony Island in 
the Detroit River near its confluence with Lake Erie. 
Eggs of mallards, night herons, and terns were collected 
May 15-16, 1973, from the same sites samplec May 
21-23, 1970 (3). Egret eggs were not collected in 1970. 
Complete clutches of eggs usually were taken and the 
eggs were analyzed individually, making it possible to 
measure the variation in mercury residues within and 
between clutches. Variances were calculated from ex- 
pected mean squares in a nested analysis of variance 
for each species. The significance of the differences in 
mercury contamination between 1970 and 1973 for 
each species was determined with Wilcoxon rank sum 
tests (19). To compare residues of 1973 with those of 
1970, authors analyzed one randomly selected egg from 
each clutch collected in 1973 because only one egg from 
each clutch collected in 1970 had been analyzed. 


Analyses for total mercury were performed with cold 
vapor atomic absorption spectrophotometry (7) by 
WAREF Institute, Inc., Madison, Wis. A 3-g aliquot 
from each uniformly prepared egg sample was digested 
by refluxing it with a mixture of sulfuric and nitric 
acids. A mixture of hydroxylamine, stannous chloride, 
and sulfuric acid was added to the digest to reduce the 
mercury ions to mercury metal. Samples were aerated 
at a rate of 3 liter/min and passed through the absorp- 
tion cell of the spectrophotometer. The recovery effi- 
ciency was evaluated by analyzing aliquots from three 
egg samples spiked with known quantities of mercury. 
All results are expressed on a wet-weight basis. Mean 
recovery was 101 percent; the limit of detection was 
0.05 ppm. For computational purposes values less than 
0.05 ppm were entered as 0.025 ppm. 


An atomic absorption spectrophotometer with a boat 
modification was used by WARF Institute for the mer- 
cury determinations of the 1970 samples (3). Tests have 
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shown that results from determinations by this method 
are comparable to those obtained by the cold vapor 
method; there is less than 10 percent variation in bird 
tissues (R. E. Christensen, 1974, WARF Institute, Inc., 
Elemental Chemistry Department:personal communi- 
cation). 


Results and Discussion 


Mercury was detected in all eggs of black-crowned 
night herons, great egrets, and common terns, and in 
47 of 64 (73.4 percent) mallard eggs. Eggs of the 
night herons, egrets, and terns contained noticeably 
higher levels of mercury than did mallard eggs (Table 
1). These differences probably reflect the species’ rela- 


TABLE 1. Mercury in eggs from complete clutches of 
aquatic birds, Lake St. Clair, Michigan—1973 





MERCURY RESIDUES, PPM WET WEIGHT 


The concentration of contaminents in the eggs of these 
four species is below 6 ppm, a level shown to impair 
reproduction in captive mallards (8). However, ring- 
necked pheasants (Phasianus colchicus) with low dietary 
levels of mercury laid eggs containing 0.5-1.5 ppm 
mercury and had significantly lower hatchability than 
had control specimens (4). Eggs from night herons and 
terns collected from the Lake St. Clair area in 1973 
contained mercury levels within this range. 


The coefficients of variation show that differences in 
residue levels occur between clutches rather than within 
clutches (Table 2). Mercury levels in eggs from the 


TABLE 2. Summary of mercury residues in eggs of four 
species of birds, Lake St. Clair, Michigan—1973 





SPECIES 





BLACK-CROWNED GREAT COMMON 


MALLARD NIGHT HERON EGRET TERN 





No. ARITHMETIC 


SPECIES CLUTCH EGGS MEAN MEDIAN RANGE 





Mallard 11 
22 
32 
4: 
52 
62 
72 


0.200 0.20 
0.034 <0.05 
0.096 0.08 
< 0.050 <0.05 
0.068 0.07 
0.050 0.05 
0.055 0.06 


0.18-0.26 
<0.05-0.06 
0.08-0.14 
<0.05 
0.05-0.08 
0.05-0.06 
<0.05-0.08 


CR AWU~ADS 


— 


Black-crowned 
night heron 0.730 0.76 
0.386 0.39 
0.322 0.32 
0.610 0.61 
0.308 0.26 
0.485 0.48 
0.363 0.36 
0.243 0.23 
0.430 0.44 
1.090 1.09 
0.730 0.73 


0.67-0.76 
0.35-0.40 
0.31-0.34 
0.60-0.63 
0.20-0.51 

0.46-0.53 
0.33-0.40 
0.21-0.29 
0.40-0.45 
0.87-1.31 

0.69-0.77 


Great egret! 


Common tern? 


1 
2 
3 
4 
3 
6 
7 
1 
2 
1 
2 


NNPKYLWHESHRHUW 


‘Samples collected from Stony Island. 
2 Samples collected from St. Clair flats. 


tive positions in the food chain (2,5,/6,17), indicating 
that mercury is being concentrated at higher trophic 
levels and that birds feeding at the higher trophic levels 
ingest greater amounts of mercury. Mallards’ diet con- 
sists of about 90 percent plant material (1/0). black- 
crowned night herons feed extensively on fish and 
aquatic arthropods (/3), and common terns feed al- 
most exclusively on small fish (/). 





No. eggs analyzed 41 27 7 7 
No. clutches 
represented 6 7 y 5 
Arithmetic mean 
mercury residue, 
ppm wet weight 0.05 0.45 0.35 1.15 
Range, ppm 
wet weight 
Coefficient of 
variation: 
Among clutches 32.4 28.3 33.8 40.4 
Within clutches 15.5 19.3 8.9 19.4 


<0.05-0.14 0.20-0.76 0.21-0.45 0.69-2.16 





NOTE: Analyses based on complete clutches 


same clutch were quite similar. Differences between 
clutches are significant and probably reflect differences 
in the extent of exposure to mercury by individual 
females. Mercury contamination varied only slightly 
within clutches of field-collected eggs of herring gulls 
(Larus argentatus) and California gulls (Larus cali- 
fornicus) (16); the same was true of eggs of black 
ducks (Anas rubripes) when the adults had been fed 
low levels of methylmercury (6). 


Mercury levels apparently declined in eggs of two of 
the three species between 1970 (3) and 1973 (Table 
3). The decline was most dramatic in the mallard 
(P <0.01) whose level of contamination in 1973 was 
only about 10 percent of that in 1970. A significant 


TABLE 3. Comparison of 1970 and 1973 mercury contamination of aquatic bird eggs from the Lake St. Clair area 














1970 





1973 





No. ARITHMETIC 
CLUTCHES MEAN 


SPECIES 





Mallard 


Common tern ! 2.73 Le 


MEDIAN RANGE 


7 0.99 0.74 
Night heron ? 5 0.77 0.74 
5 


No. ARITHMETIC 


CLUTCHES MEAN MEDIAN RANGE 





0.23-2.7 14 0.07 0.06 
0.46-1.1 7 0.44 0.40 
0.63-6.25 5 1.30 1.31 


<0.05-0.14 
0.19-0.67 
0.77-2.16 





NOTE: See Literature Cited, reference 1, for 1970 study. 


Analyses based on one egg randomly selected from each clutch. For 1973 mallards, 7 whole clutches and 2 eggs from each of 7 addi- 


tional clutches were collected. 
‘Samples collected from St. Clair flats. 
* Samples collected from Stony Island. 
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decline also occurred in eggs of the black-crowned night 
heron (P <0.05) although mercury levels in common 
terns showed only a slight reduction (P >0.05). It is 
noteworthy that the greatest decline in mercury con- 
tamination occurred in eggs of the mallard, the species 
that feeds most extensively on lower trophic level or- 
ganisms. Available mercury may be retained longer in 
the higher levels of the food chain. 


Mercury poisoning of Swedish wildlife, particularly 
seed-eating birds and certain avian predators, was at- 
tributed to the use of mercurial seed dressings. The use 
of these dressings was restricted in 1966 and within 2-3 
years significant declines occurred in mercury contami- 
nation of certain Swedish birds (/1,/2). 


In 1970, discharges from chlor-alkali plants were recog- 
nized as one of the major industrial sources of mercury 
pollution in the United States (18). Resulting legal 
actions forced many manufacturers to reduce their 
mercury discharge. 


Mercury introduced into water systems by industrial 
effluents is primarily incorported into bottom sediments, 
and mercury may be exchanged between these sedi- 
ments and the overlying water for a period of 10-100 
years (9). However, mercury-contaminated sediments 
may be naturally separated from the overlying water 
when they are covered with clean silt deposits following 
curtailment of the discharge. At Lake St. Clair this may 
have contributed to the rapid decline of mercury resi- 
dues in eggs of aquatic birds. The St. Clair River flows 
rapidly and is laden with sediments at its confluence 
with Lake St. Clair. 
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Nationwide Residues of Organochlorines in Starlings, 1974 * 


Donald H. White 


ABSTRACT 


Organochlorine residues in starlings (Sturnus vulgaris) from 
126 collection sites were monitored during the fall of 1974. 
DDE, DDT, polychlorinated biphenyls (PCB's), and ben- 
zene hexachloride were present in all samples. Dieldrin, 
heptachlor expoxide, hexachlorobenzene, and oxychlordane 
were present in approximately 97 percent of the samples. 
DDE, dieldrin, and PCB residues in starlings were signifi- 
cantly lower than they had been in 1972. 


Introduction 


The Fish and Wildlife Service, U.S. Department of 


Interior, began nationwide monitoring of organochlorine 
residues in starlings (Sturnus vulgaris) in 1967-68 as 
part of the National Pesticides Monitoring Program. 
Residue data from these original collections were to 
serve as baseline readings from which future trends in 
residue levels might be detected. Monitoring was sched- 
uled for 2-year intervals thereafter. Starlings were se- 
lected because their range is the continental United 
States, they are considered expendable, and their omni- 
vorous feeding habits should reflect residues from a wide 
range of food sources (3). This paper presents the 
results of the analyses of the 1974 starling collection 
including residue levels from each collection site; a com- 
parison of nationwide averages of DDE. dieldrin, and 
polychlorinated biphenyls (PCB’s) in the four collection 
periods since 1967-68; and the distribution of 1974 
residues by frequency of occurrence at collection sites. 


Collection Methods 


Earlier papers (3-5) discuss collection procedures in 
detail. The sample area lies within the contiguous 48 
States and consists of 40 blocks of 5° latitude and 
longitude. During the initial study, 139 collection sites 
were randomly selected within these blocks; these sites 


1Fish and Wildlife Service, U.S. Department of Interior, Patuxent 
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were to be used for each biannual collection. In 1974, 
samples were obtained from 126 of these sites. Table 1 


TABLE 1. Starling collection sites listed by State and 


county, 1974 





STATE 


County 





Alabama 


Arizona 


Arkansas 


California 


Colorado 


Connecticut 


Florida 


Georgia 


Idaho 


Illinois 


Indiana 


lowa 


Kansas 


Marion 
Talladega 


Navajo 
Yavapai 
Maricopa 
Graham 


Yell/ Pope 
Lonoke/ Pulaski 


Colusa 
Shasta 
Modoc 
Ventura 
Stanislaus 
Monterey 
Inyo 
Kern 
Imperial 


Weld 
Montrose 
Crowley 


New London 


Bay 
Madison 
Polk 
Hardee 


Pike 
Wayne 


Nez Perce 
Owyhee 
Franklin 
Minidoka 


Stephenson 
Adams 
Kane 


Hendricks 


Fremont 
Jasper 
Marshall 
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TABLE 1 (contd.). Starling collection sites listed by State and county, 1974 





STATE County 


STATE County 


“na 
_ 
= 
m 





Kentucky Ohio 
Hopkins 


Louisiana Jefferson 
Rapides 


Maine Penobscot 


a 


Michigan 


Chippewa 
Grand Traverse 
Kent 

Ingham 


Minnesota Swift 


jeofie ole shee) 
bene 


ti 


Mississippi Leake 
Harrison 


Jackson 


ZOO 
NNe 


Missouri Butler 


Bollinger 


ww pap 
aQ 
bu 


Montana Meagher 


Missoula 
Richland 
Yellowstone 


o040 
oe ad 


— tt ee 
1 


Nebraska Keith 
Brown 
Lancaster 
Clay 


White Pine 
Humboldt 
Nye 

Clark 


: 
—— 


1°) Ort 
mh 
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' 
wv 


Nevada 


y 
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New Mexico Bernalillo 


Torrance 
Luna 
Otero 
Chaves 
Quay 


youu 
ko 


Non 


PPevwyw 


New York Jefferson 


Rensselaer 


Wilkes 
Union 

Macon 
Pender 


McLean 
Grand Forks 
Ransom 


N 


D 

3-E- 
J-4 
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N 
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North Carolina 


North Dakota 


t South Dakota 


‘Texas 





Ohio Pickaway 
Wood 
Noble 


N 
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th a 
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Oklahoma Greer 


Canadian 
Nowata 
Okmulgee 


Tn td 
pooh 


Oregon Yamhill 
Lane 
Klamath 
Baker 
Harney 
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Pennsylvania Somerset 


Luzerne 


Aiken 


my 
ad 
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South Carolina 


> 
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0 
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Potter 
Butte 
Hughes 
Brown 


aa 
wine 


Tennessee Davidson 


7 
oe 
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Cochran 
Comal 
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San Patricio 
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Duchesne 
Sevier/ Millard 
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Vermont 
* Virginia Amherst 
Prince George 
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Washington Pierce 
Yakima 
Spokane 
Whitman 


NN 


Wisconsin 
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lists the collection sites for 1974 by State and county; 


Figure 1 shows their actual locations within sampling 
blocks. 


Normally a starling sample consists of a pool of 10 
birds taken by trapping or shooting, although a few 
samples may be smaller. Each pool is wrapped in 
aluminum foil, placed in a polyethylene bag, frozen as 
soon as possible, and shipped to WARF Institute, 
Madison, Wis., for analysis. 


Analytical Procedures 


Prior to analysis the feet, beaks, wing tips, and skins 
were removed from birds in each composite sample and 
the sample was weighed and ground in a food grinder. 
A 20-g portion of the homogenate was ground with 
100 g Na.SO, and dried at room temperature for 72 
hours. The dried sample was placed in a 43-by-123-mm 
Whatman extraction thimble and extracted for 8 hours 
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on a Soxhlet extractor using 150 ml ethyl ether and 
150 ml petroleum ether. The solvent, extract was 
evaporated to 10-15 ml on a steam bath and diluted 
to 50 ml with petroleum ether. A 15-ml aliquot of the 
sample was placed on previously standardized florisil 
and eluted with 150 ml of 3 percent ethyl ether in 
petroleum ether, followed by 240 ml of 15 percent 
ethyl ether in petroleum ether. After florisil cleanup 
the resulting solutions were evaporated on a steam bath 
to 10-15 ml and diluted to 25 ml with petroleum ether. 
The Armour-Burke method (/) was used for PCB 
separation on those samples with high concentrations of 
DDT and/or its metabolites. This method is to be used 
on all samples in future starling monitoring efforts be- 
cause of speculation that PCB interference may have 
influenced past results. 


Determinations were made by injecting 10 yl or less of 


. the sample solutions into a Barber-Coleman Pesticide 
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FIGURE 1. Starling collection sites, 1974 


Analyzer model 5360. Instrument conditions for DDE. 
TDE, DDT, dieldrin, and PCB's were: 


Column: 1219-mm-by-4-mm glass packed with 5 


percent DC-200 on 80/100 Gas-Chrom 
Q 


Temperatures: Column 200°C 
Injector 217°C 
Detector 238°C 


Carrier gas: Nitrogen at 80 ml/min 


Instrument conditions for HCB, BHC, heptachlor epox- 
ide, and oxychlordane were: 


Column: 1219-mm-by-4-mm glass packed with 11 


percent mixed-phase OV-17 QF-1 on 80/ 
100 Gas-Chrom Q 
Temperatures: Column 200°C 
Injector aan 
Detector 200°C 


Carrier gas: Nitrogen at 80 ml/min 


Residues in 10 percent of the samples were confirmed 
by mass spectrometry. 


All residues are expressed as ppm wet weight. They 
may be converted to dry or lipid weight by dividing a 
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given wet-weight value by 0.29 or 0.05. the mean pro- 
portions, respectively, of dry and lipid materiat in the 
samples. Limits of sensitivity were 0.005 ppm for or- 
ganochlorine pesticides and 0.01 ppm for PCB's. Re- 
coverie$ ranged from 54 to 120 percent. Analytical 
results were not corrected. 


Results and Discussion 


Table 2 lists residues of DDE, TDE, DDT, dieldrin, 
PCB's, heptachlor epoxide, BHC, HCB, and oxychlor- 
dane by State and collection site of 1974 samples. 
Since some starlings are migratory. findings should not 
be interpreted on a statewide basis. Residues do not 
necessarily reflect year-round levels because collections 
were made only in the fall. DDE, DDT, PCB's. and 
BHC were present in all 126 pooled samples at levels 
equal to or exceeding limits of analytical sensitivity. 
Dieldrin, heptachlor epoxide. HCB, and oxychlordane 
were present in approximately 97 percent of the sam- 
ples. Endrin was detected in nine samples (0.006-0.065 
ppm) and mirex was detected in 14 samples (0.054- 
4.47 ppm). 
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TABLE 2. Organochlorine residues in starlings, continental United States—1974 





RESIDUES, PPM WET WEIGHT 





HEPTACHLOR OXYCHLOR- 


STATE DDT DIELDRIN PCB's EPOXIDE DANE 
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Alabama 


0.025 0.005 0.042 0.006 TR 
0.13 0.008 1.88 ND ND 


Arizona 


pb & 


0.011 TR 0.083 TR TR 
0.013 0.079 0.042 0.007 0.008 
0.038 0.035 0.017 0.028 

0.008 TR 0.063 TR 


0.035 0.005 0.25 0.010 
0.040 ND 0.042 0.005 


0.005 0.021 0.025 TR 
0.008 0.20 0.058 0.008 
0.008 0.013 0.021 TR 
0.033 0.042 0.13 0.008 
0.018 0.13 0.042 0.005 
0.021 0.042 0.10 

0.023 0.017 0.071 

0.021 0.019 0.042 0.005 
0.019 0.042 0.042 


0.021 0.025 0.063 
0.005 0.038 0.038 
0.006 0.063 0.029 


0.017 0.008 0.083 


0.029 0.26 0.15 
0.023 0.005 0.10 
0.023 0.13 0.13 
0.015 0.017 0.083 


0.015 TR 0.033 
0.017 TR 0.20 
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0.007 0.18 0.013 
TR 0.02 0.013 
0.042 0.021 0.27 

0.025 0.048 0.013 


0.021 0.22 0.15 
0.025 0.17 0.23 
0.025 0.10 0.19 
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0.022 0.17 
0.018 0.15 


& 


wrwry NN Pp 
ont ft 
N 


Kentucky 


&w 


Louisiana 


bh Ww 
bw 


Maine 


xX OO ZZ 


' 
N 


Michigan 


~ Pres 
OO ZOO m TraE 
nv —Noe 


& 


Minnesota 0.006 f 0.063 


Mississippi 


0.021 k 0.042 
0.017 [ 0.10 
0.025 ; 0.063 


0.031 : 0.12 
0.023 . 0.063 


0.033 . 0.31 
0.067 d 0.74 
0.008 0.050 
TR 0.025 


Ser 


Missouri 


ww Pee 
7 
— 


& 


Montana 


' 
— 


& 


S540 


Nebraska 


' 
w 


7m tm 
web 


0.054 
0.067 
0.140 
0.013 


NNNN 
' 





(Continued next page) 
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TABLE 2 (cont’d.). Organochlorine residues in starlings, continental United States—1974 





RESIDUES, PPM WET WEIGHT 





HEPTACHLOR OXYCHLOR- 


STATE DIELDRIN PCB’s EPOXIDE DANE 
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Nevada 


wn bw 


0.020 0.033 0.005 0.006 
0.029 0.013 0.009 ‘ 0.012 
0.045 0.042 0.012 
0.040 0.042 0.013 
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New Mexico 
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0.015 0.063 TR 

ND 0.13 0.023 
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Limits of sensitivity were 0.005 ppm for organochlorine pesticides and 0.01 ppm for PCB’s. 
TR = trace residues detected at levels below limits of quantification. 
ND = not detected. 
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FIGURE 2. Distribution of DDE residues in starlings, continental United States—1974 


Table 3 lists the arithmetic means, ranges, and geo- 
metric means of DDE, dieldrin, and PCB residues in 
starlings from each collection period from 1967-68 
through 1974. The geometric mean is an approximation 
of the median. Therefore, about 50 percent of the 
values for a given compound fall above the geometric 
mean and about 50 percent fall below it. Statistical 
comparisons were made between DDE, dieldrin, and 
PCB residues from 1972 and 1974 to detect trends. 
Because of skewness, data were log transformed and 


then subjected to analysis of variance. Mean residues 
of DDE, dieldrin, and PCB's were significantly lower 
(P <0.001) in 1974 than in 1972. DDE residues de- 
creased 22 percent, dieldrin decreased 42 percent, and 
PCB’s decreased 74 percent nationwide. It is conceiv- 
able that the decline in usage of DDT and dieldrin are 
reflected in a decline of residues in animal populations. 
Longcore and Mulhern (2) found that levels of DDE 
in eggs of the black duck (Anas rubripes) had decreased 
between 1964 and 1971, and White and Heath (7) 


TABLE 3. Arithmetic means, ranges, and geometric means of DDE, dieldrin, and PCB’s in 
starlings, continental United States—1967-74 





RESIDUES, PPM WET WEIGHT 





DDE 


DiELDRIN PCB’s 2 





YEAR No. Poots X+S.E. RANGE 


Grom.X X+S.E. 


RANGE GEOM.X X+S.E. RANGE GEOM.X 





1967-68 360 
1970 125 
1972 130 


1.637 + 0.270 0.037 — 48.20 0.579 
0.839 + 0.148 0.047 — 14.80 0.355 
0.788 + 0.124 0.023 —11.70 0.387 


1974} 126 0.617 +0.118 0.007 — 9.11 0.229 


0.139 + 0.016 
0.117 + 0.038 0.005 — 3.59 
0.098 + 0.018 
0.057 + 0.011 


TR — 1.18 0.084 - _ _- 

0.036 0.663 +0.196 0.09 — 24.30 0.358 
TR — 1.56 0.035 
ND — 1.01 0.019 


0.425 + 0.153 0.037— 19.90 0.215 
0.112 + 0.016 0.006 — 1.88 0.068 





1 Mean residues of DDE, dieldrin, and PCB’s significantly lower in 1974 than in 1972. P < 0.001. 


2 PCB’s were not analyzed in 1967-68. 
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reported declines of DDE, dieldrin, and PCB’s in black 
ducks and mallards (Anas platyrhynchos) between 1969 
and 1972. 


Table 4 shows the distribution of DDE, dieldrin, and 
PCB residues by frequency of occurrence at collection 
TABLE 4. Distribution of residues in starlings by frequency 


of occurrence at collection sites, continental United States— 
1974 





DDE DIELDRIN PCB's 


No. SITES No. SITES No. SItEs 


RANGE, PPM WITH RESIDUES WITH RESIDUES WITH RESIDUES 





ND - 0.01 2 50 2 
> 0.01 - 0.1 39 61 89 
>0.1-1.0 67 14 34 
> 1.0 - 10.0 18 1 1 





NOTE: ND = not detected 


sites for 1974. Residues are generally low, between 0 
and 1.0 ppm for most compounds. For all three com- 
pounds the data are skewed to the left. Figure 2 further 


illustrates this skewness in 1974 DDE residues. Statis- 
tical comparisons using a parametric test should not be 
made with these raw data (6). Figure 3 shows the 
distribution of the same data after log transformation. 
Data are normally distributed and may be tested for 
differences by parametric methods. 


Conclusions 


Residues of DDE, dieldrin, and PCB's in starlings have 
declined nationwide since 1972. This decrease corres- 
ponds to a decline in environmental levels of organo- 
chlorines, indicating that starlings can provide infor- 
mation on residue trends over a period of time. 
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RESIDUES IN FOOD AND FEED 


> 


‘ 


Pesticide Residues in Total Diet Samples, Spain—1971-72 *” 


J. M. Carrasco,? P. Cunat,? M. Martinez,? and E. Primo 2.3 


ABSTRACT 


Average pesticide residue levels were determined for the 17 
main food groups in the average Spanish diet. Using these 
levels and the estimated average intake of these foods, 
authors computed an individual's average daily consumption 


of pesticides from each of these food groups and her/his 
total diet. 


Foods were acquired over a 1-year period from the market 
of Valencia, a city that gets supplies from an agricultural 
area where pesticide consumption is appreciably higher than 
that of the rest of the country. Thus average residue levels 
found must be higher than the national average. 


Except for fruits and vegetables, the different items com- 
posing each food group were sampled in proportion to the 
amount consumed in the average Spanish diet. Foods form- 
ing each group were homogenized into composite samples. 
All foods were analyzed raw. 


The most frequently detected pesticides were DDT and 
BHC. Malathion was detected at levels less than 0.10 ppm 
in some samples of vegetable oils, pears, and apples. DDT 
and BHC levels varied from undetectable to amounts less 
than 1.0 ppm. Highest levels were found in lard. 


An individual’s average daily intake of pesticides was cal- 
culated to be 78 ug DDT, a sum which includes residues of 
o,p'-DDT, p,p’-DDT, and p,p'-DDE, and 13.8 wg y-BHC. 
These levels are much lower than the maximum acceptable 
daily limits established by the United Nations Food Agri- 
cultural Organization and World Health Organization. 


Introduction 


Part of a series of studies on pesticide contamination 
in agricultural products (3,4,5,/1), the present paper 
represents authors’ attempts to determine the extent of 
pesticide contamination of the various food groups com- 
posing the average Spanish diet (9) and compute an 





1 Previously published in Revista de Agroqui 
Alimentos, Vol. 12, No. 3. 

2Technical School of Agricultural Engineering, Paseo al Mar, 21, 
Valencia, Spain. 


3 Institute of Agricultural Chemistry and Food Technology, Valencia, 
Spain. 
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individual’s average daily intake of pesticides from these 
foods and her/his diet. Pesticide residue levels are also 
being determined for the average diet in the US., 
Canada, and England (/,6,7,/2). Results of these studies 
and the present study are evaluated by comparing them 
with the maximum daily levels of pesticide intake from 
foods established by the United Nations Food Agricul- 
tural Organization (FAO) and World Health Organi- 
zation (WHO) (/3). 


Sampling 
Constituent foods of the average Spanish diet were 
classified into 17 groups. Table 1 lists the foods which 


TABLE 1. Average per capita yearly food consumption, 
Spain—1969 * 





Foop CONSUMED, 
Foop GRouP KG/ PERSON/ YEAR 


Propucts 


1. Dairy products Fresh milk 78.94 
Powdered milk 0.25 
Condensed milk 2.51 
Butter 0.35 
Cheese 1.53 


Total 


IT. Meats Beef 
Mutton and goat meat 
Pork 
Herse meat 
Poultry 
Liver 
Sausages and giblets 
Canned meat 
Meat soups 


Total 
III. Eggs Eggs 
IV. Fish Fresh sardines 
Fresh whitebait 
Fresh jurel 
Fresh codling 
Fresh hake 
Fresh codfish 
Salted codfish 
Canned fish 
Shellfish 
Other fresh fish 
Frozen fish 


BloancnnnrHsaonrf 
sslinte malo aeewoaa 
BSeSessssssss 


Total 





(Continued next page) 
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TABLE 1 (cont’d.). Average per capita yearly food consumption, Spain—1969 * 





Foop CONSUMED, 


Foop GROUP KG/ PERSON/ YEAR 


Propucts 


Foop CONSUMED, 


Foop GRouP KG/ PERSON/ YEAR 


PRopucTS 





V. Fats Lard 4.71 
Margarine 0.14 


4.85 


Olive oil 24.10 
Other vegetable oils 0.66 


Total 24.76 
134.50 


VI. Vegetable oils 


VII. Bakery goods Bread 
Flour 
Italian pastry 
Biscuits 
Rolls 
Total 


VIII. Grains Rice 
Other (except wheat) 
Total 


IX. Vegetables Tomatoes 

Lettuce 

Green beans 
Cabbages and sprouts 
Peppers 

Artichokes 

Beets 

Peas 

Spinach 

Onions, leeks, tender onions 
Cauliflower 

Other vegetables 


Total 


Potatoes 
Carrots 


XI. Legumes Beans 
Chick peas 
Lentils 
Other legumes 


XII. Fruits Oranges 
Lemons 

Other sour fruits 
Bananas 

Apples 

Pears 





Peaches 1.50 
Apricots 0.20 
Cherries and berries 
Plums 

Melons 

Grapes 

Other fresh fruits 
Chestnuts 

Nuts 

Other dried fruits 


Total 


° 
s 


Soovuns 
8s8ssésée 


XIII. Canned foods Vegetables 
Legumes 
Olives 
Marmalade 
Quince 
Juices 
Other fruits 


XIV. Sweets and condiments Sugar 
Chocolate 
Cacao 
Honey 
Turron (Spanish 

confectionery ) 

Other sweets 
Salt 
Vinegar 
Garlic 
Other dressings 


XV. Water Tap water 
Mineral water 


Soda and seltzer 


XVI. Alcoholic drinks Wine 
Beer 
Other 


XVII. Beverages Coffee 
Malts 


Other 





1 See Literature Cited, reference 9. 


compose each group and the average amount of each 
food an individual consumes each year (9). 


Samples were acquired at random between March 1971 
and March 1972 in different markets in Valencia. They 
were mixed into composite samples according to their 
proportion in the average diet. 


Because they are seasonal, some foods, especially those 
in the fruit and vegetable groups, were studied indi- 
vidually. Because residue levels in foods from these 
groups are similar (3), authors studied only the foods 
which are eaten in greatest volume and considered their 
residue levels representative of all foods in the group. 


Analytical Procedures 


All foods were analyzed raw. Unless specified otherwise, 
samples were composed of 100-g mixtures of foods from 
the designated group and pesticide residues were ex- 
tracted and purified as delineated in the Pesticide Ana- 
lytical Manual of the Food and Drug Administration, 
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U.S. Department of Health, Education, and Welfare 
(14). 

Samples of dairy products were homogenized in a 
blendor and shaken at high speed for 2 minutes. Fifty 
g of this mixture was weighed in a 400-ml glass and 
analyzed according to the method expounded by Faubert 
et al. (8). 


Samples of meat and fish products were diced into 0.5- 
to 1-g pieces and ground in a glass mortar with 100 g 
washed sand and 200 g anhydrous sodium sulfate. Ac- 
cording to Faubert’s method (8), pesticide residues were 
extracted from 40 g of this homogenized mixture, which 
is equivalent to 10 g of the sample. 


The whites and yolks of three eggs were homogenized 
by shaking for 3 minutes. This mixture was added to 
sufficient anhydrous sodium sulfate (45-50 g) to make 
it dusty and dry. Then it was extracted by Soxhlet for 
6 hours with 250 ml 2:1 n-hexane:acetone. The extract 
was dried by shaking for 10 minutes with 25 g an- 
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hydrous sodium sulfate, filtered, concentrated in a 
Kuderna-Danish evaporator to 25 ml, and purified by 
partition with acetonitrile according to the method out- 
lined by Onley and Mills (10). Purified extracts were 
then chromatographed in an alumina column (8) and 
eluted with 100 ml hexane and 100 ml hexane mixed 
with 6 percent ethyl ether. 


White rice samples were ground until they could pass 
through a 1-mm sieve. Fifty g cereal was added to 350 
ml 65:35 acetonitrile:water for 30 minutes, ground at 
a high speed for 3 minutes, and centrifuged for 10 
minutes at 2,000 rpm. Floating liquid was poured into 
a 1-liter separatory funnel and 100 ml bidistilled petro- 
leum ether was added. 


Fifty-g samples of dry legumes were moistened for 30 
minutes with 350 ml of a 65:35 mixture of acetonitrile: 
water, ground for 5 minutes at a high speed, and filtered. 


The resulting mixture was centrifuged for 10 minutes 
at 2,000 rpm. 


Samples of sweets and condiments weighing 50 g were 
placed in a 400-ml glass with 100 ml bidistilled water, 
shaken for 15 minutes, poured into a mixer with 200 
ml acetonitrile, and ground for 5 minutes. 


Potable water samples were acidified with 2 ml of 1N 
HCl and extracted with three portions of 100 ml n- 
hexane. Samples were added to 10 g anhydrous sodium 
sulfate, shaken for 5 minutes, poured through filter 
paper, and concentrated in a rotory evaporator to 10 
ml in a vacuum and to 2 ml in an airstream. 


Alcoholic drinks were extracted as the potable water 
except that 10 ml ethanol was added at the aqueous 
phase to break up the emulsions formed during the 
extraction with n-hexane. Extracts were concentrated to 
10 ml in a rotary evaporator in vacuum and chroma- 
tographed in an alumina column according to the 
method used for meat products. 


A 1-liter sample of beverages was placed in a separatory 
2-liter funnel. Pesticide residues were extracted accord- 
ing to the procedures described for water. 


Fat and vegetable oil samples weighed 3 g and tuber 
samples consisted of peeled and washed potatoes. Bakery 
samples were ground in a blendor for 3 minutes with 
a 65:35 mixture of acetonitrile:water and poured 
through filter paper before extraction. 


Analyses were performed on a Perkin-Elmer model F-11 
gas chromatograph according to the methods recom- 
mended by FDA (/4) or those used by the authors in 
earlier work (2). Electron-capture and sodium ther- 
mionic detectors were used. Columns were glass packed 
with either 10 percent DC-200 or 10 percent DC-200 
and 15 percent QF-1 on Gas-Chrom Q. All results are 
reported on a whole-product basis. 


One of every four samples was checked for recovery, 
which varied from 80 to 110 percent for DDT, lindane, 
a-BHC, aldrin, dieldrin, and endrin. Results have not 
been corrected. 


To confirm the identity of pesticide residues, thin-layer 
chromatography was used implementing either the FDA 
method (/4) or the authors’ earlier procedures (3). 


DDT residues were also confirmed by alkaline degra- 
dation to DDE (2). 


Results and Discussion 


Table 2 shows the average organochlorine pesticide 
residue level in each food group. Average contamination 
by BHC varies from undetectable levels in tubers and 
fruits to 0.4 ppm in lard. DDT levels vary from un- 
detectable to 0.8 ppm in meats and fats. These results 
agree with the well-known fact that all chlorinated in- 
secticides accumulate in the fat tissues of animals be- 
cause they are liposoiuble. 


Residues of other: chlorinated insecticides were not 
found. Malathion was the only organophosphorous in- 


TABLE 2. Average pesticide residue in 17 food groups, Spain—1971-72 





RESIDUES, PPM 





Foop GROUP 7-BHC 


p,p’-DDE o,p’-DDT p,p’-DDT 





I. Dairy Products 

II. Meats 

Ill. Eggs 

IV. Fish 

V. Fats 

VI. Vegetable oils 

VII. Bakery Goods 
VIII. Grains 

IX. Vegetables 

X. Tubers 

XI. Legumes 

XII. Fruits 

XIII. Canned vegetables 
XIV. Sweets and condiments 
XV. Water 

XVI. Alcoholic drinks 
XVII. Beverages 


0.004 
0.070 
0.019 
0.009 
0.268 
0.009 
0.003 
0.003 
0.001 
ND 
0.003 
ND 


0.006 
0.167 
0.151 
0.078 
0.218 
0.012 
0.003 
0.002 


0.004 
0.186 
0.198 
0.106 
0.160 
0.012 





NOTE: ND = residue levels < 0.001 ppm. 
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secticide detected. It was found in several samples of 
vegetable oils, pears, and apples at levels less than 0.1 
ppm. 


Kelthane (dicofol) and Tedion (tetradifon) residues 
were detected in some samples of fruits and greens. 
The highest level found was 0.2 ppm. 


Table 3 presents a sample distribution according to the 
contamination levels of every pesticide detected. It also 
shows the maximum content of every compound found 
for each food group. The percentage of samples in each 
food group without any detectable residues is shown in 
Table 4. Table 5 shows the average contamination of 
fruits and vegetables. 


TABLE 3. Distribution of food samples according to contamination by different pesticides 





DISTRIBUTION ACCORDING TO CONTAMINATION DUE TO DIFFERENT PESTICIDES, % 





Not 


Foon Groups ! DETECTABLE 


PESTICIDES 2 


0.001-0.010 ppm PPM 


HIGHEST 
GREATER THAN LEVEL, 
0.050 PPM PPM 


TRACE: 0.011-0.050 





a-BHC 20 
7-BHC 35 
p.p’-DDE 50 
o,p’-DDT 95 
p,p’-DDT 50 


a-BHC 15 
7-BHC 
p,p’-DDE 
o,p’-DDT 
p,p’-DDT 
a-BHC 
7-BHC 
P,p’-DDE 
o,p’-DDT 
P,P’ ‘-DDT 
a-BHC 
y-BHC 
P.p ‘-DDE 
o,p’-DDT 
P,p’-DDT 
a-BHC 
7-BHC 
p,p’-DDE 
p,p’-DDT 
a-BHC 
7-BHC 
P,p’-DDE 
p,p’-DDT 
Malathion 


I. Dairy products 


VI. Vegetable oils 


a-BHC 
7-BHC 
p,p’-DDE 
o,p’-DDT 
P,P ’-DDT 


VII. Bakery goods 


a-BHC 
7-BHC 
p,p’-DDE 
PP ‘-DDT 


a-BHC 
7-BHC 
p,p’-DDE 
o,p’-DDT 
p,p’-DDT 
Kelthane 
Tedion 


P,p’-DDE 
p,p’-DDT 


a-BHC 
7-BHC 
p,p’-DDT 


a-BHC 
7-BHC 
p,p’-DDE 
o,p’-DDT 
P,p’-DDT 
Kelthane 
Tedion 


IX. Vegetables 


XII. Fruits 


a-BHC 
7-BHC 
p,p’-DDE 
p,p’-DDT 


XIII. Canned vegetables 


15 5 0.015 
55 10 0.018 
30 0.026 

0 0.004 


coooucooooo 


BR SuBRSBS BBAS Saaas 
co Hownoon Suu 


asa 
auBbave S55 


—_ 
oooo 
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TABLE 3. (cont’d.). Distribution of food samples according to contamination by different pesticides 





DISTRIBUTION ACCORDING TO CONTAMINATION DUE TO DIFFERENT PESTICIDES, % 





Not 


Foop Groups ! DETECTABLE 


PESTICIDES 2 


0.001-0.010 ppm PPM 


TRACE: 0.011-0.050 GREATER THAN 


0.050 PPM 





a-BHC 
7-BHC 
p,p’-DDE 
o,p’-DDT 
p,p’-DDT 


XIV. Sweets and condiments 


a-BHC 
7-BHC 
p,p’-DDT 


XV. Alcoholic drinks 


45 10 
40 10 
15 5 
35 15 
15 30 


50 0 
30 0 
90 0 





1 There were no detectable residues in groups XV and XVI, water and beverages, respectively. 


* Pesticides not listed were not detected in the specified food group. 


TABLE 4. Food samples not contaminated by pesticides, 
Spain—197 1-72 





SAMPLES WITH 


Foop GROUP NO DETECTABLE RESIDUES, % 





Dairy Products 20 
Meats 0 
Eggs 10 
Fish 10 
Fats 0 
Vegetable Oils 50 
Bakery Goods 

Grains 

Vegetables 

Tubers 

Legumes 

Fruits 

Canned vegetables 

Sweets and condiments 

Water 

Alcoholic drinks 

Beverages 





Based on the pesticide residue levels in each food group 
and an individual’s average yearly intake of these foods 
(Table 1), authors have estimated the average amount 
of pesticides an individual in Spain consumes daily from 


each food group and her/his diet: 78.4 »g DDT, in- 
cluding p,p’-DDT, o,p’-DDT, and p,p’-DDE, and 13.8 
ug y-BHC (Table 6). 


These levels are much lower than the daily maximum 
acceptable concentrations established by FAO and 
WHO: 250 wg DDT and 625 yg y-BHC for persons 
who weigh 50 kg (110 Ib). DDT and BHC ievels cal- 
culated in this study are similar to, but a bit higher than, 
comparable levels found in the U.S. (55 »g DDT and 
3 wg y-BHC per day) and England (44 ng DDT and 
6.6 wg y-BHC per day) according to Smith (/2) and 
Abbott et al. (7). Highly toxic pesticides such as diel- 
drin, which are common in the other countries men- 
tioned, were not detected in Spain. 
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TABLE 5. Average pesticide residue levels in fruits and vegetables, Spain—1971-72 





RESIDUES, PPM 





PRopUCcT 


p,p’DDE o,p'-DDT 





Oranges 
Bananas 
Apples 
Pears 
Peaches 
Melons 
Grapes 
Tomatoes 
Lettuce 
Green beans 
Onions 


ND 
0.001 
0.001 

ND 
0.001 

ND 
0.015 
0.002 
0.002 
0.001 

ND 





NOTE: ND = <0.001 ppm. 
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TABLE 6. Estimated per capita daily intake of pesticides from food, Spain—1971-72 





RESIDUES, uG 





Foop GROuPS 1 7-BHC 


p,p’DDE o,p'-DDT 





. Dairy Products 0.91 
. Meats A 5.45 
. Eggs s 0.74 
. Fish ; 0.62 
. Fats a 3.56 
. Vegetable oils ’ 0.61 
. Bakery goods i 1.24 

Grains s 0.08 
. Vegetables 3 0.15 
. Tubers ND 
. Legumes k 0.12 
. Fruits ND 

Canned vegetables 4 0.05 
. Sweets and condiments : 0.25 

Alcoholic drinks 

TOTAL 


ND 
13.78 


1.37 ND 
13.01 1.79 
5.88 ND 
5.38 ND 
2.90 0.82 
0.81 ND 
1.24 0.82 
0.06 ND 
0.15 0.30 
ND 

ND 

0.15 

ND 

0.50 

ND 

4.46 


eoseonanss 
WOON K We 


um 


> 
Bzoooso 
agueesg 





NOTE: 


ND = not detectable (< 0.01 ug). 
1 There 


were no detectable residues in groups XV and XVII, water and beverages, respectively. 
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GENERAL 


Organochlorine Pesticides in the Hawaii Kai Marina, 1970-74 


Russell Tanita,1 Jerry M. Johnson,? Michael Chun,? and John Maciolek 3 


ABSTRACT 


Sediments, water, and oysters from the receiving waters of 
the Hahaione Valley, a suburban development in south- 
eastern Oahu, Hawaii, were analyzed for organochlorine 
pesticidal compounds. The insecticides dieldrin, a- and y- 
chlordane, and p,p’-DDT were found in the study site en- 
vironment. Levels were in the low parts per billion range 
for oysters and sediments and in the low parts per trillion 
range for water. 


During the past several years dieldrin residues in the marina 
study site have increased, even though the only activity 
known to influence pesticide levels in the valley is the 
chronic treatment for subterranean and dry wood termites. 
If present trends continue, dieldrin may pose a threat to 
biota of the aquatic environment. Findings have shown that 
residue levels of dieldrin and p,p’-DDT in the sediments 
are within the LD,,, (median lethal dose) range for estuarine 
fish and thus may have a deleterious effect on bottom- 
feeding organisms. According to present standards of the 
Food and Agriculture Organization/World Health Organi- 
zation, pesticide residue levels within the study site do not 
appear to constitute a health hazard to humans. 


Introduction 


Nearly 50 organochlorine compounds are being used in 
Hawaii as pesticidal agents. The insecticides dieldrin, 
aldrin, and chlordane are particularly important because 
of their high application levels (7). DDT, although no 
longer in use, has been included in the present study 
because it was found by Bevenue (J) to be widely 


distributed in estuarine sites on the island of Oahu, 
Hawaii. 


Studies indicate that organochlorine pesticides have had 
a detrimental effect on the environment. DDT, for 





1 Stanford Research Institute, 1611 North Kent Street, Arlington, Va. 

? School of Public Health, University of Hawaii, Honolulu, Hawaii 
96822. Reprints available from this address. 

3 Cooperative Fisheries Unit, University of Hawaii, Honolulu, Hawaii. 
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example, has been responsible for a number of fish and 
bird kills (3). Toxicity studies on estuarine fishes by 
Eisler (4) showed LC.,, (median lethal concentration) 
levels 96 hours after application ranging from 0.4 to 
89 ppb for p,p’-DDT and from 0.9 to 34 ppb for diel- 
drin. Further studies by Eisler (5) have shown that 
these toxicity values were highly dependent upon physi- 


cal and chemical parameters such as temperature and 
pH. 


The extent to which suburban pesticide usage pollutes 
the environment is particularly significant to Hawaii 
with its rapidly expanding suburban population. This 
problem is compounded in marine waters which serve 
as popular recreational centers and sources of food. An 
earlier study (J0) showed that ground-applied organo- 
chlorine pesticides disappear rapidly from Hawaiian 
coralline soil, the type found in the study area. Only 
0.7, 2.3, and 1.8 percent, respectively, of baseline aldrin, 
chlordane, and dieldrin concentrations in test plot soil 
remained after 7 years. Retreatment for control of 
subterranean termites occurs about every 5-10 years. 
The current study was conducted to assess the con- 
tamination of a marine environment by adjacent sub- 
urban pesticide use. 


The Hahaione Valley, Oahu, receiving waters were 
selected as the study site. The area was free of industrial 
and agricultural pesticidal influence from 1964 to 1973. 
An Epidemiologic Studies Program survey (7) of the 
valley showed that dieldrin, aldrin, and chlordane were 
being used by households and pest control operators. 
Limited monitoring of the Hawaii Kai Marina by the 
Water Resource Research Center, University of Hawaii, 
has revealed that these insecticides and DDT are present 
in the sediments and waters of the marina (Table 1). 


The Hawaii Kai development on southeastern Oahu 
consists of a residential tract and a 268-acre marina with 
a series of channels separated by fingers of land. The 
study site is situated in one of the channels (Fig. 1) 
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@ SITE OF PRESENT STUDY 
ACTUAL MARINA 





@ STATION 1 WRRC MONITORING PROGRAM 


MAUNALUA BAY 
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FIGURE 1. Hawaii Kai suburb and marina 


TABLE 1. Chlorinated pesticide residue levels in water 
samples, Hawaii Kai Marina—1972 ' 





RESIDUES, PPTR 





Die_prRin) LinpaNe DDE DDT  @ 


4/27/72 _— _ ND 
7/15/72 N <1 _— <i 
11/14/72 <i <i _ 
10/25/72 _— —_ ae 
11/17/72 ND <I 1 


CHLORDANE 





NOTE: — = no data. 
ND = not detected. 


1 Source: Water Resources Research Center, Hawaii Kai Water Qual- 
ity Monitoring Program, station 1. University of Hawaii, Honolulu: 


unpublished data. 
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which serves as the receiving waters for the Hahaione 
Valley watershed. 


The valley has a gently sloping floor from which surface 
runoff is channeled into a seasonal stream. Surface flow 
is found only during periods of high rainfall which 
generally occur during the winter months (J2). Soils 
within the watershed range from slightly acidic to mod- 
erately alkaline. Permeability is low to moderate. Winds 
arise from the northeast approximately 70 percent of 
the time (/0) but valley ridgelines act as windbreaks, 
dampening air movement from this direction. 
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The Hawaii Kai Marina (Fig. 1) has approximately 
12 miles of shoreline with an average depth ranging 
from 5 to 8 feet below mean sea level (J2). There 
are two passages on the ocean side between the marina 
and Maunalua Bay. Each passage is traversed by a 
bridge. Approximately 90 percent of the shoreline con- 
sists of mortared rock walls (12), which serve as 
habitat for oysters and other intertidal organisms in 
the study area. 


Calculated water residence times in the marina vary 
from 1 to 9 days. The cumulative residence time for 
the entire marina is 3.5-15 days (12). Residence times 


apparently are directly dependent on tides and wind 
conditions. 


Currents are tide- and wind-induced: tides are pri- 
marily responsible for transporting water in and out of 
the marina (/2). Surface wind-induced currents are in 
the direction of the prevailing winds with a subsurface 
countercurrent. Current velocities vary from 0.1 to 0.2 
knots on the surface and from 0.0 to 0.1 knots below 
the surface. 


Construction of the marina began in 1962 and was 
completed in 1966. Construction of residential dwellings 
was initiated in 1962 in the Hahaione Valley and is still 
in progress. 


Prior to 1962, the valley consisted primarily of pigger- 
ies in the lower stretches and cattle pastures in the 
interior. Before 1967, the southeastern shores of the 
marina were under cultivation. Major organochlorine 
pesticides used at that time were endosulfan, DDT, 
and dieldrin. Present agricultural activities are now 
limited to the Kamilonui Valley; no agriculture is prac- 
ticed in the Hahaione Valley watershed. Pesticide appli- 
cation in the Hahaione Valley is limited to aldrin, 
chlordane, and dieldrin for ground treatment of termites. 


Methods and Procedures 


Twelve randomly selected water and sediment samples 
were obtained from April to July 1974, at the rate of 
three a month. Sampling was conducted at the seaward 
boundary of the study site to minimize disturbance of 
other sites. To avoid possible contamination by the boat 
or motor, samples were taken from the bow of the 
boat. Water samples were obtained at a depth of 1 foot 
below the surface. Only the upper 6 inches of sediment 
was sampled. 


One-gallon glass bottles with aluminum-foil-lined metal 
covers were used for collecting water samples. One- 


quart bottles of the same type were used in collecting. 


sediment samples. Before use, bottles and the Soxhlet 
extraction units were washed with detergent and water 
and rinsed with a solution of concentrated sulfuric acid 
and sodium dichromate, followed by a rinsing with 
water and nanograde hexane. All other glassware was 
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heated for 24 hours at 200°C and rinsed with nano- 
grade hexane. 


Oysters were taken from the walls of the sample site 
over a 3-month period, April-June 1974. Collection be- 
gan immediately after water and sediment had been 
sampled. In May 1974 all oysters within a 3-foot grid 
in the study site were removed to determine wet-weight 
distribution patterns. Results showed that the distribu- 
tion was bimodal (Fig. 2). 





0.20-0. 39 
0.40-0.59 
1.00-1.19 
1.40-1.59 
1.60-1.79 











FIGURE 2. Frequency of distribution of oysters by wet 
weight, Hawaii Kai Marina—1970-74 


Before extraction, water samples were divided into two 
1-liter portions. One portion was filtered through a 
0.45-um-millipore filter. Authors used the partition 
extraction procedure (Table 1) outlined by the Bureau 
of Sport Fisheries and Wildlife (//) with one modifi- 
cation: a 50:50 mixture of nanograde hexane : nano- 
grade acetone was the solvent. Extracts were cleaned 
by adsorption chromatography with 6 percent and 15 
percent, respectively, purified diethyl ether in nanograde 
petroleum ether solution (//). Resultant fractions were 
concentrated using a 50°C water bath and a suitable 
aliquot, usually 5 yl, injected into the gas-liquid chro- 
matograph (GLC). 


As a check on the consistency of the procedure de- 
scribed above to extract water samples, triplicate 1-liter 
portions were processed for the filtered and unfiltered 
categories. Results are presented in Table 2. 


Sediments were air-dried and ground to insure uni- 
formity in size and sample homogeneity. Triplicate 10-g 
portions were obtained from each sample and extracted 
with a 50:50 mixture of nanograde hexane : nanograde 
acetone, using the Soxhlet method (J1). Extracted 
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TABLE 2. Chlorinated pesticide residues in triplicate water 
samples, Hawaii Kai Marina—July 1974 





RESIDUES, PPTR 





FILTERED SAMPLES UNFILTERED SAMPLES 


PESTICIDE 1 2 3 1 = 5 








-Chlordane 1.18 1.60 
a-Chlordane 1.50 . : 1.70 
Dieldrin 9.30 : 3. 6.95 
p,p’-DDT 1.00 





NOTE: ND = not detected. 


samples were cleaned with the microcolumn silica gel 
method using a 70:30 mixture of redistilled benzene : 
nanograde hexane. Resultant fractions were concentrated 
in a 50°C water bath and aliquots were injected into 
the GLC. 


Oysters were kept frozen until ready for extraction, at 
which time they were shelled and weighed wet. They 
were segregated into two groups: large (more than 
1 g) and small (less than 1 g), on the basis of the 
distinctive bimodal frequency distribution noted in a 
previous sampling of the area (Fig. 2). Large oysters 
ranged from 1.01 to 2.92 g; average weight was 1.44 
g. Small oysters ranged from 0.13 to 0.94 g; average 
weight was 0.46 g. 


Prior to extraction, each oyster was dissected into por- 
tions not exceeding a quarter of an inch on each side 
and extracted with the Soxhlet method followed by 
microcolumn silica gel cleanup. Fractions were con- 
centrated and injected into the GLC. 


Sample analysis was carried out with two Microtek 
model 220 gas chromatographs with electron-capture 
detectors. Flow rate was adjusted to insure a minimal 
retention time of 15 minutes for p,p’-DDT. The presence 
of a residue in the sample was confirmed by the use 
of two different types of columns: 4 percent SE-30/6 
percent OV-210 and 1.5 percent OV-17/195 percent 
QF-1. 


Recovery tests were performed on the three sample 
categories prior to analysis and after half the samples 
had been processed. Results ranged from 85 to 95 
percent. 


Results and Discussion 
Results of analyses of water, sediments, and oysters, are 
given in Tables 3, 4, and 5, respectively. 


TABLE 4. Chlorinated pesticide residues in sediments, 
Hawaii Kai Marina—April-July 1974 





SAMPLES 


PESTICIDE RANGE, PPTR AVERAGE, PPTR CONTAINING RESIDUE, % 





Lindane 
Aldrin 
p,p’-DDE 
p,p’-TDE 
p.p’-DDT 
Dieldrin 
a-Chlordane 
y-Chlordane 


90-5320 1,360 
5,500-11,020 8,260 
110-11,420 2,290 
_ 2 
250-6,420 2,165 
2,000-39,500 8,589 
400-5,270 2,966 
1,330-5,120 2,302 





NOTE: — = residue detected in only one sample. 


Residue levels in the water samples were in the low 
parts per trillion (pptr) range (Table 3). Dieldrin, 
p,p’-DDT, and the chlordane isomers were found in a 
large majority of the samples. Among filtered samples, 
p,p’-DDT occurred three times more frequently than 
its derivatives, p,p’-DDE and p,p’-TDE. In the unfiltered 
samples, the frequency of occurrence of p,p’-DDT was 
35 percent higher than its derivatives. Average residue 
levels of filtered and unfiltered samples differed only 
for p,p’-DDE, p,p’-TDE, and heptachlor epoxide. Dis- 
similarities between the filtered and unfiltered samples 
were also noted in the frequencies of occurrence of 
p,p’-DDE and a-chlordane. 


The fact that the unfiltered water had higher average 
values of p,p’-DDE, p,p’-TDE, and heptachlor epoxide 
than had the filtered water indicates that these residues 
were attached primarily to suspended particulate matter 
and were not dissolved in the water column. Similar 


TABLE 3. Chlorinated pesticide residues in water samples, Hawaii Kai Marina—April-July, 1974 * 





RANGE, PPTR 


AVERAGE, PPTR 


SAMPLES 


CONTAINING RESIDUE, % MAxIMUM 





PESTICIDE FILTERED UNFILTERED 


FILTERED 


PERMISSIBLE 


UNFILTERED CONCENTRATION, PPTR 


FILTERED UNFILTERED 





a-BHC 
Lindane 
Aldrin 
Heptachlor 
p,p’-DDE 
p,p’-TDE 
p,p’-DDT 
Dieldrin 0.5-15.0 

Heptachlor epoxide —_ 1.9-127.4 

a-Chlordane NC NC NC 
y-Chlordane NC NC NC 


0.1-0.4 
0.1-0.7 
0.9-5.2 

_— 0.1-0.2 
0.4-1.4 0.8-47.1 
1.0-25.9 
0.8-11.3 


0.3-21.5 


0.2 33.3 17.7 2,000 
0.4 33.3 25.0 2,000 
3 11.1 25.0 40 
0.2 22.2 25.0 
12 22.2 42.7 
11.1 18.3 
89.9 83.3 
89.9 100.0 
11.1 17.7 
89.9 42.7 
67.7 67.7 





NOTE: NC = residue levels not calculated because of interference from other organic compounds. 


— = residue detected in only one sample. 
NS = no standards given for these residues. 
1See Literature Cited, reference 6. 


VoL. 10, No. 1, JuNE 1976 





TABLE 5S. Pesticide residues in oysters, Hawaii Kai Marina—April-June 1974* 





MAXIMUM 
CONCENTRATION 
IN/ON Foop FoR HUMAN 
CONSUMPTION, 
MG/KG BODY WEIGHT 


FAO/WHO 
ACCEPTABLE 
DaILy INTAKE, 
MG/KG BODY WEIGHT 


SAMPLES 


RANGE, PPTR CONTAINING RESIDUE, % 


AVERAGE, PPTR 





PESTICIDE SMALL LARGE SMALL LARGE SMALLSAMPLE- LARGE SAMPLE 





Lindane 1,500-17,870 590-1,260 7,647 925 20.00 18.18 
4,830 14,690 6.67 9.09 
4,770 ND 6.67 ND 

340-4,610 5,025 3,624 13.33 45.45 
3,240-10,550 ND 6,895 ND 18.18 

530-4,590 36,485 271 13.33 27.27 

420-17,470 9,337 5,538 46.67 81.82 
2,870-25,450 34,818 13,472 80.00 100.00 
1,580-22,990 18,640 8,277 33.33 100.00 
1,350-23,380 8,170 


0.0125 
0.0001 
0.0005 


Aldrin _ _— 

Heptachlor — ND 

2,190-7,860 
ND 


p,p’-DDE 
p,p’-TDE 
o,p’-DDT 
p,p’-DDT 


22,470-50,500 
810-27,140 
Dieldrin 400-94,740 
a-Chlordane 2,340-57,640 
+-Chlordane — 


7,865 13.33 


63.64 





NOTE: — = residue detected in only one sample. 


ND = not detected. 

NS = no standards given for these residues. 

SD = standard deleted by WHO/FAO. 
1See Literature Cited, reference 3. 


results were obtained in a previous study by Butler (2), 
who showed that the residues were transported primarily 
on particulate matter. This phenomenon also could ac- 
count for the higher frequency of occurrence of p,p’- 
DDE in the unfiltered samples. 


The filtered fraction had twice as many occurrences of 
a-chlordane than had the unfiltered fraction. This was 
probably due to a masking of the a-chlordane peak in 
chromatographic analysis by organic particulate matter 
in the water samples. The occurrence of these com- 
pounds in the extract made it impossible to accurately 
quantify chlordane residues in the water samples. 


A 1970-71 study by Bevenue (/) of selected sites on 
the island of Oahu reported values of 1.0-14.0 pptr for 
dieldrin and 0.5-9.0 pptr for p,p’-DDT. Results for the 
Ala Wai Canal, Oahu (9), a commercial and industrial 
receiving channel, are given in Table 6. Levels found 
by Bevenue are similar to those of the present study. 


TABLE 6. Pesticide data from Ala Wai Canal, Oahu, 
Hawaii—August 1970-February 197] 1 





RESIDUES, PPTR 





DATE CHLOR- 
SAMPLED p,p’-DDE p,p’-TDE p,p’-DDT DieELpriIn DANE? 


WATER 


8-12-70 : 2.0 
2-18-71 
8-12-70 
2-26-71 
8-12-70 
2-18-71 


STATION 











AVERAGE 2.2 1.8 





SEDIMENT, DRY-WEIGHT 


100,000 





220,000 150,000 
100,000 30,000 
40,000 


100,000 
30,000 
40,000 100 





AVERAGE 40,000 120,000 73,333 43,366 





NOTE: ND = not detected. 
1 See Literature Cited, reference 9. 
2 Chlordane analyses not conducted in early part of study. 


28 


This may be caused in part by the low solubility of the 
residues. Since the residues are transported primarily 
on particulate matter, similar turbidity levels in the 
Hawaii Kai study site and sites selected by Bevenue 
could account for the similarities in findings. 


The U.S. Department of Interior Committee on Water 
Quality Criteria (6) has recommended pesticide stand- 
ards for saline waters which are based on the toxicity 
to marine shrimps, the most sensitive of the marine 
invertebrates. The criteria levels represent the minimum 
concentrations at which marine biota would suffer dele- 
terious effects. Levels detected in water samples of the 
present study were below recommended levels and well 
below the LD,,, (median lethal dose) obtained by Eisler 
(4) for bottom-feeding fish. 

SEDIMENTS 

Detected pesticide levels in the marina sediment sam- 
ples were in the low parts per billion range (Table 4). 
Frequencies of occurrence were highest for dieldrin, 
p,p’-DDT, and the chlordane isomers. P,p’-DDT and 
dieldrin levels lie within the LD., range for bottom- 
feeding fishes reported by Eisler (4). 


The level of dieldrin detected in the sediments appeared 
to increase sharply from 1972 to 1974 (Table 7). This 
apparent trend may be fallacious, resulting from the 
limited number of samples analyzed during 1972 and 
1973. If it is real, however, it is significant. The Na- 
tional Pesticide Monitoring Program considers such a 
trend to be a potential threat to the affected aquatic 
environment (8). 


OYSTERS 

Oyster tissues had residue levels in the low parts per 
billion range (Table 5). Dieldrin, p,p’-DDT, and the 
chlordane isomers were the predominant pesticides, ap- 
pearing in a large majority of the samples. Dieldrin 
reached its highest levels in the large oysters; the small 
oysters had higher levels of p,p’-DDT and the chlordane 
isomers. Residues occurred most frequently in the large 
oysters. Levels were within the range accepted by the 
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TABLE 7. Chlorinated pesticide residues in sediment, Hawaii Kai Marina—1972-74 





FREQUENCY OF 


PESTICIDE OccurRENCE, % 


19721 


19731 


FREQUENCY OF 


FREQUENCY OF 
OccurRENCE, % 


19741 OccurRRENCE, % 





Lindane _ 
Aldrin — 
p.p’-DDE 303 
p,p’-TDE 334 
p,p’-DDT 1,518 
x DDT and derivatives 2,155 
Dieldrin 1,332 
a-Chlordane 3,134 
7y-Chlordane 2,601 
SAMPLE SIZE 5 


_ 1,360 22 
_ 8,260 6 
601 2,290 28 
ND 2 3 
871 2,165 100 
4,456 
8,589 100 
2,966 97 
2,302 92 
36 





NOTE: — = no data. 
'WRRC monitoring data from station 1, Hawaii Kai Marina. 


Food and Agriculture Organization/World Health Or- 
ganization (FAO/WHO) as safe in food consumed by 
humans (Table 5). 


Conclusions 


Results have shown that dieldrin, chlordane, and p,p’- 
DDT were distributed throughout the study site. Be- 
cause the mountains serve as a windbreak (Fig. 1), 
drift from outside areas can be considered a negligible 
influence. So, too. are industrial and agricultural ac- 
tivities since few, if any, operate in the Hahaione 
Valley. 


An Epidemiologic Studies Program survey (7) of 
households in the valley indicated that household use 
of dieldrin and chlordane was negligible. Other dieldrin 
sources were confined to treated mill-work and fumi- 
gation of homes for dry wood termites. Thus it is 
doubtful that these uses could account for the levels 
noted in the present study. 


The pest control treatment for subterranean termites 
was the only activity discovered by the Epidemiologic 
Studies Program survey that could account for the 
pesticide levels observed in the marina. Aldrin and 
chlordane were used in these operations. All home sites 
within the survey area were treated for subterranean 
termites prior to construction. Aldrin, which has a half- 
life of 3% months (3) (Table 8), is readily converted 
to dieldrin and was the likeliest source of the dieldrin 
in this study. 


TABLE 8. Persistence of some organochlorine insecticides 
in soil? 





TIME FOR 95% 
DISAPPEARANCE, YEARS 


AVERAGE ANNUAL 


CHEMICAL LB/ACRE KG/HA. RANGE AVERAGE 





Aldrin 
Chlordane 
DDT 


tw & 


Own w 
mop RRONA 


y 


“a 
i) 


— 


Dieldrin 
Endrin * 
Heptachlor 
Lindane 
Isobenzan 


ww 


S 
nN 
Ty ak eas ta ta a 
mane 
wv 
ee 
End fe fet tend bed ged fmt ted 
5 
mmo 
RNR DOW 
NWKWWKWUAW— 
nwa 





1 See Literature Cited, reference 3. 
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Pest control activities were the only apparent source 
of dieldrin and aldrin within the Hahaione watershed. 
Water column pesticide levels were in the low pptr 
range. Oyster pesticide levels were in the low ppb range, 
well within the range of residues accepted as safe by 
FAO/WHO in foods consumed by humans. 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue 





ABATE 
ALDRIN 


BHC (BENZENE 
HEXACHLORIDE) 


CHLORDANE 


DDD 
DDE 


DICOFOL 
DIELDRIN 


ENDRIN 

HCB 

HEPTACHLOR EPOXIDE 
ISOBENZAN 

KELTHANE 

LINDANE 

MALATHION 

MIREX 
OXYCHLORDANE 


PCB’S (POLYCHLORINATED 
BIPHENYLS) 


TDE 

TEDION 
TEMEFOS 
TETRADIFON 


See temefos. 


Not less than 95% of 1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro-1 ,4-endo-exo-5 ,8-dimethanonaphthalene 


1,2,3,4,5,6-Hexachlorocyclohexane (mixture of isomers). Commercial product contains several isomers of which 
gamma is most active as an insecticide. 


1,2,3,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene. The technical product is a mixture of several 
compounds including heptachlor, chlordene, and two isomeric forms of chlordane. 


See TDE. 

Dichlorodiphenyl dichloro-ethylene (degradation product of DDT) 
p,p’-DDE: 1,1-Dichloro-2,2-bis(p-chlorophenyl) ethylene 

o,p’-DDE: 1,1-Dichloro-2-(0-chloropheny]) -2-(p-chlorophenyl1) ethylene 
Main component (p,p’-DDT): a-Bis(p-chloropheny]) 8,8,8-trichloroethane 
Other isomers are possible and some are present in the commercial product. 
o,p'-DDT: [1,1,1-Trichloro-2-(o-chloropheny]) -2-(p-chlorophenyl) ethane] 


4,4’-Dichloro-a-trichloro-methylbenzhydrol 


Not less than 85% of 1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-exo-5 ,8-dimethano- 
naphthalene 


1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-endo-5 ,8-dimethanonaphthalene 
Hexachlorobenzene 

1,4,5,6,7,8,8-Heptachloro 2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindane 

1,3,4,5,6,7,8,8-Octachloro-1 ,3,3a,4,7,7a-hexahydro-4,7-methanoisobenzofuran 

See dicofol. 

Gamma isomer of benzene hexachloride, 1,2,3,4,5,6-hexachlorocyclohexane, of 99+% purity 
S-[1,2-bis(ethoxy-carbonyl]) ethyl] O,O-dimethyl phosphorodithiate 
Dodecachlorooctahydro-1,3,4-metheno-2H-cyclobuta[cd] pentalene 
2,3,4,5,6,6a,7,7-Octachloro-1a,1b,5,5a,6,6a-hexahy dro-2,5-methano-2H-indeno(1,2-8) oxirene 


Mixtures of chlorinated biphenyl compounds having various percentages of chlorine 


2,2-Bis(p-chloropheny]) -1,1-dichloroethane 

See tetradifon. 

0,0,0’,O’-Tetramethyl O,O’-thiodi-p-phenylene phosphorothioate 
p-Chloropheny] 2,4,5-trichloropheny] sulfone 
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ERRATA 


Pesticides Monitoring Journal, Volume 9, Number 3, 
pp. 124-133. In the paper “Mirex Nontarget Organ- 
isms after Application of Experimental Baits for Fire 
Ant Control, Southwest Georgia—1971-72,” the Table 
1 column caption should read “Components of Bait, 
% by weight.” Table 2 should read: 


TABLE 2. Application patterns of mirex bait in three 
Georgia counties, 1971-72 





FORMULATION: AREA BULK 
CouNnTy MIREX, % TREATED RATE 1,2 





1.40 kg/ha. 
(4.20 g/ha.) 


1.40 kg/ha. 
(2.10 g/ha.) 


1.12 kg/ha. 
(Correct as published) (1.68 g/ha.) 


1.12 kg/ha. 
(1.12 g/ha.) 


1.12 kg/ha. 
(1.12 g/ha.) 


1.40 kg/ha. 
(4.2 g/ha.) 





1 Numbers in parentheses show amount of actual toxicant, i.e., mirex, 
applied to each hectare. 
21.40 kg/ha = 1.25 Ib/acre; 1.12 kg/ha = 1.0 lb/acre. 





Information for Contributors 


The Pesticides Monitoring Journal welcomes from all 
sources qualified data and interpretative information on 
pesticide monitoring. The publication is distributed 
principally to scientists, technicians, and administrators 
associated with pesticide monitoring, research, and 
other programs concerned with pesticides in the environ- 
ment. Other subscribers work in agriculture, chemical 


manufacturing, food processing, medicine, public health, 
and conservation. 


Articles are grouped under seven headings. Five follow 
the basic environmental components of the National 
Pesticide Monitoring Program: Pesticide Residues in 
People; Pesticide Residues in Water; Pesticide Residues 
in Soil; Pesticide Residues in Food and Feed; and 
Pesticide Residues in Fish, Wildlife, and Estuaries. The 


sixth is a general heading; the seventh encompasses 
briefs. 


Monitoring is defined here as the repeated sampling and 
analysis of environmental components to obtain reliable 
estimates of levels of pesticide residues and related 
compounds in these components and the changes in 
these levels with time. It can include the recording of 
residues at a given time and place, or the comparison of 
residues in different geographic areas. The Journal will 
publish results of such investigations and data on levels 
of pesticide residues in all portions of the environment 
in sufficient detail to permit interpretations and con- 
clusions by author and reader alike. Such investigations 
should be specifically designed and planned for moni- 
toring purposes. The Journal does not generally publish 
original research investigations on subjects such as 
pesticide analytical methods, pesticide metabolism, or 
field trials (studies in which pesticides are experimen- 
tally applied to a plot or field and pesticide residue de- 
pletion rates and movement within the treated plot or 
field are observed). 


Authors are responsible for the accuracy and validity 
of their data and interpretations, including tables, charts. 
and references. Pesticides ordinarily should be identi- 
fied by common or generic names approved by national 
or international scientific societies. Trade names are 
acceptable for compounds which have no common 
names. Structural chemical formulas should be used 
when appropriate. Accuracy, reliability, and limitations 
of sampling and analytical methods employed must be 
described thoroughly, indicating procedures and con- 
trols used, such as recovery experiments at appropriate 
levels, confirmatory tests, and application of internal 
standards and interlaboratory checks. The procedure 
employed should be described in detail. If reference is 
made to procedures in another paper, crucial points or 
modifications should be noted. Sensitivity of the method 
and limits of detection should be given, particularly 
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when very low levels of pesticide residues are being 
reported. Specific note should be made regarding cor- 
rection of data for percent recoveries. Numerical data, 
plot dimensions, and instrument measurements should 
be reported in metric units. 


PREPARATION OF MANUSCRIPTS 


——Prepare manuscripts in accord with the CBE Style 
Manual, third edition, Council of Biological Edi- 
tors, Committee on Form and Style, American 
Institute of Biological Sciences, Washington, D.C., 
and/or the U.S. Government Printing Office Style 
Manual. For further enrichment in language and 
style. consult Strunk and White’s Elements of Style, 
second edition, MacMillan Publishing Co., New 
York, N.Y., and A Manual of Style, twelfth edi- 
tion, University of Chicago Press, Chicago, III. 


On the title page include authors’ full names with 
affiliations and addresses footnoted; the senior 
author’s name should appear first. Authors are 
those individuals who have actually written or 
made essential contributions to the manuscript and 
bear ultimate responsibility for its content. Use 
the Acknowledgment section at the end of the 
paper for crediting secondary contributors. 


Preface each manuscript with an informative ab- 
stract not to exceed 200 words. Construct this 
piece as an entity separate from the paper itself; 
it is potential material for domestic and foreign 
secondary publications concerned with the topic of 
study. Choose language that is succinct but not 
detailed, summarizing reasons for and results of 
the study, and mentioning significant trends. Bear 
in mind the literature searcher and his/her need 
for key words in scanning abstracts. 


Forward original manuscript and three copies by 
first-class mail in flat form: do not fold or roll. 


——tType manuscripts on 8'-by-11l-inch paper with 
generous margins on all sides, and end each page 
with a completed paragraph. Recycled paper is 
acceptable if it does not degrade the quality of 
reproduction. Double-space all copy, including 
tables and references. and number each page. 


——Place tables, charts. and _ illustrations, properly 
titled, at the end of the article with notations in 
the text to show where they should be inserted. 
Treat original artwark as irreplaceable material. 
Lightly print author’s name and illustration number 
with a ballpoint pen on the back of each figure. 
Wrap in cardboard to prevent mutilation; do not 
use paperclips or staples. 


Letter charts distinctly so that numbers and words 
will be legible when reduced. Execute drawings in 
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black ink on plain white paper. Submit original 
drawings or sharp glossy photographs: no copies 
will be accepted. 

——Number literature citations in alphabetical order 
according to author. For journal article include, 
respectively, author, year, title, journal name as 
abbreviated in Chemical Abstracts Service Source 
Index, and volume, issue, and page numbers. For 
book references cite, respectively, author, year. 
chapter title, pages, and editor if pertinent, book 
title, and name and city of publisher. For Govern- 
ment manuals list originating agency and relevant 
subgroup, year, chapter title and editor if  perti- 
nent, manual title, and relevant volume. chapter, 
and/or page numbers. Do not list private com- 
munications among Literature Cited. Insert them 
parenthetically within the text, including author, 
date, and professional or university affiliation in- 
dicating author's area of expertise. 


The Journal welcomes brief papers reporting monitor- 
ing data of a preliminary nature or studies of limited 
scope. A scction entitled Briefs will be included as 
necessary to provide space for short papers which pre- 
sent timely and informative data. These papers must be 
limited to two published pages (850 words) and should 
conform to the format for regular papers accepted by 
the Journal. 


Manuscripts require approval by the Editorial Advisory 


Board. When approved, the paper will be edited for 
clarity and style. Editors will make the minimum 
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changes required to meet the needs of the general 
Journal audience, including international subscribers 
for whom English is a second language. Authors of 
accepted manuscripts will receive edited typescripts for 
approval before type is set. After publication, senior 
authors will receive 100 reprints. 


Manuscripts are received and reviewed with the under- 
standing that they have not been accepted previously 
for publication elsewhere. If a paper has been given 
or is intended for presentation at a meeting, or if a 
significant portion of its contents has been published 
or submitted for publication elsewhere, notations of 
such should be provided. Upon acceptance, the original 
manuscript and artwork become the property of the 
Pesticides Monitoring Journal. 


Every volume of the Journal is available on microfilm. 
Requests for microfilm and correspondence on editorial 
matters should be addressed to: 


Paul Fuschini (WH-569) 

Editorial Manager 

Pesticides Monitoring Journal 

U.S. Environmental Protection Agency 
Washington, D.C. 20460 


For questions concerning GPO subscriptions and back 
issues write: 


Superintendent of Documents 
U.S. Government Printing Office 
Washington, D.C. 20402 
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